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1. Introduction

In the manufacturing of multichip modules (MCM’s) and other high-performance electronic
packages, patterning of the various resist, dielectric, and metal layers constitutes the most important
segment of the total fabrication process. Currently used patterning and via-drilling methods suffer
from several inherent disadvantages. Anvik's novel large-area patterning technology offers a
breakthrough that overcomes the limitations of existing methods and achieves the combined
capabilities of large field size, high resolution, and high throughput. The goal of this ARPA-sponsored
Texas Instruments-Anvik program is to develop Anvik's technology into advanced manufacturing
equipment that will significantly improve the cost-effectiveness of high-volume manufacturing of
MCM’s, flat-panel displays, and printed circuit boards.

The key objectives of the Phase 1A effort were to carry out risk reduction tasks and establish
technical feasibility by designing, building, and demonstrating a proof-of-concept patterning and
via-drilling system prototype. The goals in Phase 1B were to conduct detailed experiments to
demonstrate the full advantages of the new technology. This work is in preparation for a possible
follow-on effort, which will be devoted to designing, building, and testing a production-worthy
hardware prototype of the proposed system.




2. Summary and Results

This Summary Report provides an overview of the development and characterization of a
proof-of-concept large-area patterning and via-drilling system prototype. In Phase 1A, an
investigation of patterning requirements for different applications was conducted, and an analysis
of different design configurations to meet those requirements was given. Based on this analysis, a
proof-of-concept prototype was designed and assembled. We successfully demonstrated our seamless
scanning technique for exposure of photoresist as well as photoablation of interlayer dielectric
materials. In Phase 1B, the system hardware, control software, and alignment techniques were
upgraded to give diffraction-limited resolution of 3 im in photoresist over a full 5 x 5 inch substrate
with Anvik’s seamless scanning technique. Photoablation of 10 pm vias and 6 pum lines and spaces
was demonstrated in polyimide. Detailed resist exposure experiments were conducted to study
different resists and optimize the processing parameters. Detailed experiments on photoablation
were also conducted using different dielectric materials; this work required the use and

characterization of multilayer dielectric masks.

The design concept chosen is based on the use of a single, planar scanning stage on which
both the mask and the substrate are mounted. This configuration is shown in Fig. 1. The mask is
illuminated with a hexagonal illumination pattern produced by an illumination system situated
below the mask. The illuminated region of the mask is imaged with a projection lens and several
beam-folding mirrors to produce an image of the illuminated mask region on the substrate. Note
that the optical axis through the
projection lens is in a horizontal plane, ,
and a reversing assembly is used in y
the imaging path to undo the image x [y
reversal caused by the lens. This I
produces an image on the substrate in ~ Substrate \'/ 10 26
the same orientation as the mask [ = = 12 —— { I ™
pattern, which enables the use of a G o m e = 21 """ m S
single stage. Itisreadily seen that this -

!
design approach is highly modular, in | I I |
the sense that each of the main  [llumination +———
subsystems, namely, the projection System

system, the illumination system, and

the stage system, can be separately Fig. 1. Anviks large-ares, high-throughput lithograph[y and
optimized and an overall system via-drilling system, showing a board and a mask held rigidly on a
configuration most suitable for any single planar stage, an illumination system, and a projection lens.

given application can be assembled.
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In Figs. 2 and 3, we show some of the excellent patterning results achieved using the Anvik
lithography tool. We show results from both patterning of photoresists and via-drilling in polyimide.
Figure 2 shows good 3 m imagery in 1.1 pm thick UCB-JSR TI 080 photoresist. This resolution
was achieved across the entire substrate with no seams as a result of the scanning hexagonal
illumination. In Fig. 3 we show the results of photo-etching in 8.3 pm thick Pyralin PI 2611D
polyimide by excimer ablation, showing patterning of 100, 50, and 10 um vias and a checkerboard
pattern of 10 tm square vias. For both resist exposure and via-drilling, we demonstrated a throughput
advantage of 5X over current lithography tools.
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Fig. 2. Results obtained with the Anvik prototype system showing resolution of 3 um lines and spaces parterned in JSR
T1080 resist.

Fig. 3. Scanning electron micrograph showing patterns ablated in Dupont Pyralin PI12611D polyimide. The bottom
row shows 100, 50, 20, and 10 pm round vias and a checkerboard pattern of 10 pm square vias. The top row shows
pillars of the same dimensions.




3. Conclusion

In this Phase 1 program, we have successfully demonstrated the feasibility of Anvik’s patterning
technology. We have fully assembled a proof-of-concept patterning system and demonstrated large-
area seamless patterning using multiple, partially overlapping scans. We have also carried out
seamless, scan-and-repeat exposure of polyimide to demonstrate large-area batch drilling of vias.
For patterning in resist, we have demonstrated good resolution of 3 micron lines and spaces, and for
via ablation in polyimide, we have drilled 10 um vias and 6 pm lines and spaces with excellent
resolution.




